SCREW COMPRESSOR 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a screw compressor and more 
particularly to a screw compressor for compressing a refrigerant in a 
refrigerator. 

2 . Description of the Related Art 

Heretofore, a screw compressor applicable to a refrigerator has been 
publicly known (see, for example, U.S. Patent No. 6,183,227). 

Screw compressors are broadly classified into an oil-cooled type screw 
compressor and an oil-free type screw compressor. In an oil-cooled type screw 
compressor, oil is fed into a rotor chamber for the purpose of sealing between 
rotors, sealing between rotors and an inner wall surface of the rotor chamber, 
cooling a portion whose temperature rises with compression, and lubrication. 
In an oil-free type screw compressor, oil is not fed into a rotor chamber, a 
bearing portion is completely shut off from the rotor chamber by sealing, and 
a synchronous gear is used for the transfer of a rotational drive force 
between male and female rotors. As to the structure of the compressor body 
itself, the oil-free screw compressor is more complicated than the oil-cooled 
screw compressor. At the same discharge air volume, the oil-free screw 
compressor is more expensive, correspondingly to the more complicated 
structure thereof, than the oil-cooled screw compressor. Further, the gap 
between rotors and the gap between the rotors and an inner wall surface of 
the rotor chamber are larger in the oil-free screw compressor than in the oil- 
cooled screw compressor. The amount of gas leaking through those gaps is 
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also larger in the oil-free screw compressor. Generally, therefore, the oil- 
cooled screw compressor is used and the oil -free screw compressor is not used 
except in such a special use as requires only a clean compressed gas without 
permitting the inclusion of lubricating oil in the compressed gas. 

In U.S. Patent No. 6,183,227 is disclosed an oil-cooled screw compressor 
30 which is illustrated in Fig. 4. The screw compressor 30 has a pair of 
intermeshing male and female screw rotors 32 and a motor 33 within an 
integral type casing 31. At one end of the integral type casing 31 is formed 
a gas inlet 35 which is provided with a filter 34. At an end portion of the 
screw rotors 32 located close to the motor 33 is formed a suction port 36, 
while at an opposite end portion thereof is formed a discharge port 37. 

Suction-side rotor shafts 41 of the screw rotors 32 are supported within 
a suction-side bearing casing 42 rotatably by two cylindrical roller bearings 
43a and 43b for radial load whose outer rings are held at predetermined 
certain positions through an appropriate spacing. Discharge-side rotor 
shafts 44 of the screw rotors 32 are arranged within a discharge-side bearing 
casing 45 so as to be in close contact with each other and are supported 
rotatably by one cylindrical roller bearing 46 for radial load whose outer ring 
is held at a predetermined certain position, two angular ball bearings 47a 
and 47b for forward thrust load, and one angular ball bearing 48 for reverse 
thrust load. As to the thrust loads, the direction from the suction side 
toward the discharge side is assumed to be a reverse direction, while the 
direction from the discharge side toward the suction side is assumed to be a 
forward direction. 

The suction-side rotor shaft 41 of one of the paired male and female 
screw rotors 32 shown in Fig. 4 is coupled for integral rotation to an output 
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shaft 49 of the motor 33, and the screw rotors 32 are rotated by the motor 33. 
Since the screw compressor 30 is an oil-cooled type, oil is fed through an oil 
flow path (not shown) to each of the bearing portion within the suction-side 
bearing casing 42, the bearing portion within the discharge-side bearing 
casing 45, and a tooth space not communicating with the discharge port 37 of 
the screw rotors 32. 

When the screw compressor 30 is applied to a refrigerator, a gaseous 
refrigerant which has entered the screw compressor 30 from the gas inlet 35 
through the filter 34 passes the motor 33 and is sucked from the suction port 
36 into the tooth space of the screw rotors 32 which are rotating, whereby it 
is compressed under the supply of oil. The thus-compressed gaseous 
refrigerant together with oil is discharged from the discharge port 37 to an 
oil separating/recovering unit, in which the refrigerant and the oil are 
separated from each other. The refrigerant then passes through a 
condenser and is conducted to an expansion valve and an evaporator. On 
the other hand, the oil which has been separated from the refrigerant is once 
stored in an oil sump and is then fed through the foregoing oil flow path to 
the bearing portion within the suction-side bearing casing 42, the bearing 
portion within the discharge-side bearing casing 45, and the tooth space not 
communicating with the discharge port 37 of the screw rotors 32. The oil is 
recycled repeatedly. 

In the screw rotors 32, a radial load is imposed on each of the suction 
side and the discharge side and it is borne by the suction-side cylindrical 
roller bearings 43a, 43b and the discharge-side cylindrical roller bearing 46. 
Further, due to a pressure difference between the suction side and the 
discharge side, a forward thrust load acts on the screw rotors 32 from the 
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discharge side toward the suction side, and the screw rotors 32 undergo a 
thermal expansion caused by the compression of gas and the resulting rise of 
temperature. However, the discharge-side rotor shafts 44 are restrained its 
movement in the thrust direction by the two angular ball bearings 47a, 47b 
for forward thrust load and one angular ball bearing 48 for reverse thrust 
load. 

On the other hand, the suction-side rotor shafts 41 are merely 
supported by the cylindrical roller bearings 43a and 43b which permit free 
movement in the thrust direction of outer rings relative to inner rings, and 
their movement in the thrust direction is not restrained at all. Therefore, 
in the event of thermal expansion of the screw rotors 32, the suction-side 
rotor shafts 41 move relatively in the thrust direction with respect to the 
suction-side bearing casing 42. In these cases, it is the oil that ensures a 
smooth movement in each bearing. 

As described above, the structure of the screw compressor body itself is 
simpler in the oil-cooled type than in the oil-free type, but in the case of an 
oil-cooled screw compressor, not only it is necessary to use an oil 
separating/recovering unit and, as the case may be, an oil cooler and an oil 
filter, but also an oil flow path including these devices is needed. As an 
additional problem, maintenance of those devices and the management of oil 
are required. That is, in case of applying an oil-cooled screw compressor to 
a refrigerator, it is necessary to provide an oil flow path for the recycle of oil, 
in addition to the refrigerant recycle path. 

It is ideal if an oil-cooled screw compressor having a simple structure 
and not requiring the use of oil is applied to a refrigerator, but even if such a 
screw compressor is adopted, it is necessary to use liquid as a substitute for 
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oil. 

In this connection, reference will be made below to the case where a 
portion of the liquid refrigerant after condensation in the condenser and 
before reaching the expansion valve is used as a substitute for the oil in the 
screw compressor 30 shown in Fig. 4. 

In the screw compressor 30, the cylindrical roller bearings 43a and 43b 
are used for the suction-side rotor shafts 41, while the cylindrical roller 
bearing 46 is used for the discharge-side rotor shafts 44. In these bearings, 
cylindrical rollers are in linear contact with inner and outer rings, so it is 
difficult to effect lubrication using a refrigerant. More specifically, in the 
case of an angular ball bearing, balls are in point contact with inner and 
outer rings, so by allowing a liquid refrigerant to be present in the point 
contact portions it is possible to lubricate between the balls and the inner 
and outer rings. But in the case of a cylindrical roller bearing, it is diffi cult 
to make a liquid refrigerant of a lower viscosity than oil be present in linear 
contact portions between cylindrical rollers and the inner and outer rings, 
with consequent insufficient lubrication giving rise to a problem of seizure of 
the cylindrical roller bearing. 

SUMMARY OF THE INVENTION 

For the purpose of ehminating the above-mentioned conventional 
problems, the present invention intends to provide a screw compressor which 
permits structural simplification, reduction of size, and lightening of a 
maintenance burden. 

For solving the above-mentioned problems, in a first aspect of the 
present invention, there is provided a screw compressor comprising screw 
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rotors, suction-side rotor shafts of the screw rotors, a suction-side bearing 
casing which covers the suction-side rotor shafts, a suction-side angular ball 
bearing which rotatably supports the suction-side rotor shafts and is held so 
as to be movable in a thrust direction within the suction-side bearing casing, 
discharge-side rotor shafts of the screw rotors, a discharge-side bearing 
casing which covers the discharge-side rotor shafts, and a discharge-side 
angular ball bearing which rotatably supports the discharge-side rotor shafts 
and is held in a predetermined certain position within the discharge-side 
bearing casing. 

In a second aspect of the present invention, there is provided, in 
combination with the construction of the above first aspect, a screw 
compressor further comprising a presser member fixed to an end face of the 
suction-side bearing casing and a spring member, wherein an annular gap is 
formed between the suction-side bearing casing and the suction-side angular 
ball bearing, and an outermost end face of an outer ring of the suction-side 
angular ball bearing is pressed through the spring member by means of the 
presser member. 

Therefore, in this screw compressor, a condensed refrigerant can be fed 
into a liquid state to bearing portions and can be utilized for lubrication and 
sealing, thus eliminating the need of using oil. As a result, all of oil-related 
devices, including oil separating/recovering unit, and oil pipes, that have so 
far occupied a fairly large proportion in such points as structural 
complication, increase of the entire machine volume and installation area, 
and increase of cost, become unnecessary and the entire machine structure is 
simplified and is reduced in size. In addition, oil-related maintenance 
works and the management of oil, which have so far been a burden in the use 
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of oil, become unnecessary. Thus, various effects are obtained. 

In a third aspect of the present invention, there is provided, in 
combination with the construction of the above first or second aspect, a screw 
compressor wherein a lubricative coating is applied to an inner periphery 
surface of the suction-side bearing casing. 

With this construction, in addition to the above effects, there is 
attained an effect that it is possible to cope with a thermal expansion of 
screw rotors more smoothly. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view of a screw compressor for a refrigerator 

according to the present invention; 

Fig. 2 is a partial enlarged sectional view of a suction-side bearing 
portion in the screw compressor shown in Fig. 1; 

Fig. 3 is a partial enlarged sectional view of a discharge-side bearing 
portion in the screw compressor shown in Fig. 1; and 

Fig. 4 is a sectional view of a conventional oil-cooled screw compressor. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

An embodiment of the present invention will be described below with 

reference to the drawings. 

Figs. 1 to 3 illustrate a screw compressor 1 for a refrigerator according 

to the present invention. 

The screw compressor 1 has a pair of intermeshing male and female 

screw rotors 32 and a motor 33 within an integral type casing 31. At one 

end of the integral type casing 31 is formed a gas inlet 35 which is provided 
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with a filter 34. At an end portion of the screw rotors 32 located close to the 
motor 33 is formed a suction port 36, while at an opposite end portion thereof 
is formed a discharge port 37. 

The suction-side rotor shaft 41 of one of the paired male and female 
screw rotors 32 shown in Fig. 1 is coupled for integral rotation to an output 
shaft 49 of the motor 33, and the screw rotors 32 are rotated by the motor 33. 

When the screw compressor 1 is applied to a refrigerator, a gaseous 
refrigerant which has entered the screw compressor 1 from the gas inlet 35 
through the filter 34 passes the motor 33 and is sucked from the suction port 
36 into the tooth space of the screw rotors 32 which are rotating, whereby it 
is compressed. The thus-compressed gaseous refrigerant is discharged from 
the discharge port 37. The refrigerant then passes through a condenser and 
is conducted to an expansion valve and an evaporator. 

In the screw compressor 1, oil is not fed to the gas to be compressed. 
Instead of oil, a liquid refrigerant is used for bearing lubrication. 

In the screw compressor 1, suction-side rotor shafts 41 are supported 
rotatably by two angular ball bearings 11a and lib for forward thrust load, 
while discharge-side rotor shafts 44 are supported by three angular ball 
bearings 12a, 12b, 12c for forward thrust load and one angular ball bearing 
13 for reverse thrust load. On both suction side and discharge side, the 
number of the angular ball bearings for forward thrust load and that of the 
angular ball bearing for reverse thrust load are not limited. The respective 
numbers referred to above may be changed. 

Inner rings of the angular ball bearings 11a and lib for forward thrust 
load are fixed to predetermined certain positions on the suction-side rotor 
shafts 41, and an annular groove 14 is formed between outer rings of the 
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angular ball bearings 11a, lib for forward thrust load and an inner 
periphery surface of a suction-side bearing casing 42. The annular groove 
14 is formed as a very small gap (for example, 0.02 to 0.05 mm) to such an 
extent as causes no obstacle to substantial operation of screw rotors 32 even 
under a radial load on the suction side. Thus, the outer rings of the angular 
ball bearings 11a and lib for forward thrust load are movable relative to the 
inner periphery surface of the suction-side bearing casing 42. Further, an 
annular presser member 15 is fixed to an end face of the suction-side bearing 
casing 42, and outermost end faces of the outer rings of the angular ball 
bearings 11a and lib for forward thrust load are pressed by the presser 
member 15 through a spring member 16. As a result, the angular ball 
bearings 11a and lib for forward thrust are held movably in the thrust 
direction while undergoing a spring force in the direction toward the screw 
rotors 32 constantly in the suction-side bearing casing 42. The shape of the 
spring member 16 is not limited to the illustrated one, but may be any other 
shape insofar as the spring member is formed of a material having resilience. 

Inner rings of three angular ball bearings 12a, 12b, 12c for forward 
thrust load and one angular ball bearing 13 for reverse thrust load, which 
are located on the discharge side, are fixed to predetermined certain 
positions on the discharge-side rotor shafts 44, while outer rings thereof are 
fixed to predetermined certain positions of an inner periphery surface of a 
discharge -side bearing casing 45. Thus, the angular ball bearings 12a, 12b, 
12c for forward thrust load and the angular ball bearing 13 for reverse thrust 
load are held at predetermined certain positions within the discharge-side 
bearing casing 45 and a relative movement of the discharge-side rotor shafts 
44 with respect to the discharge-side bearing casing 45 is restrained. 
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Gaps are also formed respectively at suction- and discharge-side end 
faces of the screw rotors 32. For example, a gap Cl of about 0.2 mm is 
formed at the suction-side end face and a gap C2 of about 0.05 mm is formed 
at the discharge-side end face. 

In the screw compressor 1 constructed as above, all of the bearings used 
are angular ball bearings, thus permitting lubrication of the bearings with 
use of a liquid refrigerant. Further, even in the event of thermal expansion 
of the screw rotors 32, the expansion is absorbed by the movement in the 
thrust direction of the suction-side angular ball bearings 11a and lib for 
forward thrust load. 

As known well, each of the angular ball bearings described above can 
bear not only thrust load but also radial load. 

The annular gap between the angular ball bearings 11a, lib for 
forward thrust and the suction-side bearing casing 42 is very small. It is 
preferable that a lubricative coating, e.g., molbdenum disulfide coating or 
so-called Teflon coating, be applied to the inner periphery surface of the 
suction-side bearing casing 42. 

Thus, the screw compressor 1 permits substitution of oil by a liquid 
refrigerant for bearing lubrication, and when it is applied to a refrigerator, it 
becomes unnecessary to use oil-related devices, including oil 
separating/recovering unit, and maintenance thereof and the management of 
oil are not required. 
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